A b s t r a c t: The content of Pb, Cd, Ni, Fe, Na and K was determined in sixteen samples of urinary calculi taken from patients in Macedonia. The trace elements were determined by atomic absorption spectrophotometry and by flame emission spectrometry. The chemometric examination of the calculi was done by factor analysis. This chemometric method has been extensively used for classification purposes while solving different multidimensional problems. The results obtained from the analysis revealed that the highest correlation exists between the concentrations of lead and potassium. No significant correlation among other analyzed elements was found. The examination of the first two principal components (with 67 % variance captured) calculated from the autoscaled data matrix showed a clear separation between the composition of the calculi taken from male and from female patients, especially in the case of the calculi consisting of the two oxalates (whewellite and weddelite) and those composed of carbonate apatite in mixture with oxalates.
INTRODUCTION
The urinary calculi have been extensively studied in our laboratory [1] [2] [3] [4] [5] [6] . In the late sixties, the first statistical examination of the composition of urinary calculi in Macedonia was done using infrared spectroscopy as a tool for determining the composition of the calculi [1, 2, 7] . More recently, as a part of the studies of human concrements in our laboratory [3] [4] [5] [6] 8] , it was possible to apply some more advanced chemometric techniques for determining the composition of the calculi [4] [5] [6] so that after some thirty years a new statistical examination of the qualitative composition of concrements taken from the patients from Macedonia [3] has been made.
In this work, we present the results of the chemometric treatment of data of trace elements analysis of sixteen urinary calculi by atomic absorption spectroscopy. Although there are literature data on the determination of trace elements in urinary calculi [9] [10] [11] [12] [13] [14] [15] [16] , we did not find any information about chemometric treatment of the data. In this work, the principal-component analysis [17, 18] (an extremely useful tool for the classification of samples according to some of their properties) was used to analyze the experimental data.
EXPERIMENTAL

Instrumentation
A Varian SpectrAA 640Z Zeeman atomic absorption spectrophotometer equipped with a Varian PSD-100 Autosampler was used for Pb, Cd and Ni (Table 1) , a Thermo Elemental Solaar S4 flame atomic absorption spectrophotometer for the determination of Zn and Fe (Table 2 ) and a JENWAY model PFP flame emission spectrometer was used for the determination of Na and K. An Ethos Touch Control pressurized microwave digestion device (Milestone, Italy) with a rotor for 12 Teflon digestion vessels was used. To prevent explosions, the vessels are equipped with a pressure release system. A specially designed vessel which allows a temperature sensor and a pressure sensor to be connected and the progress of the digestion to be monitored, is substituted for one of the 12 vessels.
Procedure
Calculi samples weighing 0.5 -1.0 g were placed in Teflon digestion vessels, 3 mL concentrated HNO 3 and 2 mL H 2 O 2 (30 %, m/V) were added, the vessels were capped closed, tightened and placed in the rotor of the microwave oven. The digestion was carried out with the digestion programs: 800 W/15 min; 1000 W/25 min and a pressure of 20 bar. Finally the vessels were cooled, carefully opened and the digests quantitatively transferred to 25 mL calibrated flasks and filled up with redistilled water. Fe, Zn, Na and K were analyzed directly from these solutions. For Pb, Cd and Ni an extraction method [19] was applied to eliminate the influence of Ca and Mg. 5 mL of each sample solution were evaporated in a 100 mL glass beaker of to eliminate HNO 3 and H 2 O 2 . After that, 1 mL of HCl and 15 mL of redistilled water were added and the solution was transferred into a separatory funnel. 5 mL of ammonium citrate solution (50 % m/V) were added and the pH value was adjusted with NaOH (20 %, m/V) to 6. Then, 5 mL of sodium diethyldithiocarbamate (0.2 %, m/V) were added and the mixture was shaken for 1 min. After 15 min, 5 mL of methyl isobutyl ketone were added and the mixture was shaken for 2 min. In the organic layer, the contents of cobalt, copper, lead and nickel were determined by electrothermal atomic absorption spectrometry (ETAAS).
T a b l e 1
RESULTS AND DISCUSSION
In order to examine how many factors have an influence on the results, the data presented in Table 3 were subjected to principal component analysis (PCA). The central idea of PCA is to reduce the dimensionality of the data set, explaining the variance-covariance structure [17, 18] . This is achieved by linear transformation of the original data, usually into smaller number of uncorrelated significant principal components (PCs). Geometrically, the transformation represents the rotation of the original coordinate system in the direction of the maximum residual variance given by the first PC axis. The second PC, orthogonal to the first one, has the second maximum variance and so on. In this way, the projections preserving the maximum variance in the data sets can be visualized by computer.
In this work PCA was used in order do find possible grouping in the analyzed data. Before the data matrix was decomposed, the variables were autoscaled. The eigenvalues obtained by the decomposition of the data matrix are presented in Table 4 . Table 4 shows that almost 90 % of the variance could be explained by the first four principal components. This means that four factors could be considered as influencing our data. 2D and 3D examination of the scores matrix calculated by decomposition of the preprocessed data matrix did not present significant information about possible correlations among the variables (the concentrations of the analyzed elements). In our case, more informative was the correlation matrix presented in Table 5 which shows that the highest correlation among of concentrations of Pb and K is −0.608.
T a b l e 3
T a b l e 5
Correlation matrix More significant information was obtained by plotting PC1 and PC2 from the loadings matrix (Fig. 1) . From this figure (Fig 1a) it is possible to see the grouping of the calculi samples taken from the male patients in the left and the upper part of the figure, while the stones taken from female patients are grouped at the bottom. In Fig. 1b it can be noted that the phosphate containing calculi are mainly grouped in the lower part of the figure, while the rest of the calculi are grouped in the upper part.
The present analysis seems to show that the content of the trace elements depends on the composition of the calculi and the sex of the patients, although a similar examination obtained with a larger sample could lead to more reliable results. At present we are not able to determine which factors mainly influence the content of the analyzed trace elements in the concrements. In order to find information about this, a more detailed medical examination of the factors influencing the formation of the calculi and the incorporation of the trace elements in them should be considered. 
